This study sought to determine whether mortality complicating ST-segment elevation myocardial infarction (STEMI) was impacted by the design of transport systems.
Primary percutaneous coronary intervention (PCI) has become the dominant reperfusion strategy for ST-segment elevation myocardial infarction (STEMI) as it is superior to fibrinolytic therapy in reducing death, reinfarction, and stroke (1) . Nonetheless, to be effective, primary PCI needs to be performed promptly as delays in door-to-balloon times strongly correlate with mortality (2, 3) . Current guidelines recommend that first medical contact-to-balloon time be within 90 min for patients presenting to a PCI-capable hospital and within 120 min for patients presenting to a non-PCI-capable hospital (4) . Unfortunately, many hospitals do not have a catheterization laboratory, and the transfer process to a PCI-capable hospital may be associated with long delays to reperfusion (5) . Therefore, it has been proposed that regions develop STEMI systems that incorporate standardized protocols to facilitate rapid transfer of STEMI patients (6) .
We have previously shown that recommended guideline door-to-balloon times are achieved more often when patients are identified in the field by trained paramedics and transported directly to a designated center for primary PCI as compared to when patients are evaluated by physicians in the city emergency department (ED) of non-PCI-capable hospitals (7) . A recent Danish study concluded that the time from first contact with the health care system to the initiation of reperfusion therapy (system delay) may be more relevant than door-to-balloon time, as the former proved to be an independent predictor of subsequent mortality in patients with STEMI treated with primary PCI (8) . It remains to be determined whether mortality has been changed by building STEMI systems with pathways for rapid transportation of patients to specialized cardiac centers for primary PCI. Hence, we compared the mortality for patients referred directly from the field to a PCI-capable center and the mortality for patients who were transported to a non-PCI-capable hospital first.
Methods
Study protocol. The University of Ottawa Heart Institute is a tertiary center located in the city of Ottawa that works in collaboration with regional hospitals for the delivery of cardiac care. This center is the only PCI-capable hospital for the region, and because it does not have an ED, all primary PCI referrals are evaluated in a dedicated STEMI room in proximity to the catheterization laboratories. In May 2005, primary PCI became the standard of care for the city of Ottawa, which has a population of 900,000.
We used data from the Institute's prospective STEMI registry to evaluate the outcomes of consecutive patients with confirmed STEMI referred for primary PCI between May 1, 2005 , and April 30, 2011, who used the emergency medical services (EMS) as the initial mode of transportation within the city boundaries. Patients were divided into 2 groups on the basis of the transport pathway used by the EMS providers.
The first group (field to PCI-capable hospital) consisted of patients referred directly to the PCI center by the EMS providers who bypassed the 4 city hospital EDs, all located within 7 miles of the PCI center. In these circumstances, the EMS providers were trained at interpreting the 12-lead electrocardiogram (ECG) and at independently triaging patients with STEMI (9) . None of the city ambulances were equipped with ECG transmission capability, and the furthest point of service was 37 miles from the PCI center. All patients with onset of symptoms of Յ12 h and at least 1 mm ST-segment elevation in 2 or more contiguous limb leads or at least 2 mm in 2 or more contiguous precordial leads on the pre-hospital 12-lead ECG were eligible for direct transfer to the PCI center. The EMS alerted a central page operator using a dedicated STEMI line located at the PCI center of the impending arrival of a patient, which activated the STEMI code. Values are mean Ϯ SD or n (%). PCI ϭ percutaneous coronary intervention.
The second group (field to non-PCI-capable hospital) included patients transported from the field to the nearest ED and subsequently referred to the PCI center. Patients belonging to this group were initially transported to a non-PCI-capable hospital because paramedics trained at interpreting the ECG were not present at the scene, or the pre-hospital ECG was either not performed or did not qualify for STEMI. At the non-PCI-capable hospital, all patients with onset of symptoms of Յ12 h and at least 1 mm ST-segment elevation in 2 or more contiguous leads on the 12-lead ECG were eligible for immediate transfer to the PCI center for primary PCI. The emergency medicine physician was empowered to activate the STEMI code.
We excluded patients who presented with cardiogenic shock and patients who remained comatose after resuscitation, as these patients were usually transported to the nearest ED before referral for primary PCI. We also excluded patients who self-transported to the ED.
All patients received chewable aspirin 160 mg, oral clopidogrel 600 mg, and unfractionated heparin 60 U/kg (maximum 4,000 U) intravenously before the PCI procedure.
Study endpoints and definitions. The primary outcome was all-cause mortality measured at 180 days. Secondary outcomes included in-hospital reinfarction, stroke, and cardiogenic shock that developed after hospital admission, as previously defined (7). Stent thrombosis was recorded as definite or probable, as defined by the Academic Research Consortium (10) . Episodes of bleeding were defined as major or minor according to the TIMI (Thrombolysis In Myocardial Infarction) classification (11) . The door-toballoon time was defined as the time elapsed between arrival at the first hospital and the time of first device use or balloon inflation. In cases referred directly from the field, the first hospital was the cardiac center. The study was approved by the institutional ethics review board. Statistical analysis. Proportions and means with standard deviations were used to describe categorical and continuous variables respectively. Categorical variables were compared using chi-square tests. The Student t test was used to compare normally distributed continuous variables, and the Mann-Whitney U test was used for variables that were not normally distributed. The impact of the transport pathway on mortality at 180 days was assessed for both univariable and multivariable associations using logistic regression models. For the multivariable analysis, the independent effect of the transport pathway on mortality was assessed by controlling for baseline characteristics related to mortality in the univariable analysis (p Ͻ 0.15). We excluded time-toballoon intervals because of the previously demonstrated relationship between direct field transfer and interhospital transfer (7) . We constructed a second model that included the baseline characteristics as well as imbalances between groups (p Ͻ 0.15) in the treatment received during the initial cardiac catheterization. In addition, propensity scores were derived using the baseline characteristics as predictors in a logistic regression model using the transport pathway as the outcome; a logistic regression model adjusted for the propensity score variable was then fitted. Finally, propensity score matching was performed using the propensity scores. Patients in the 2 groups were matched if their propensity score was within Ϯ0.05. A matched analysis using conditional logistic regression was used to determine the effect of the transport pathway. Verification of the balance of baseline covariates in the matched data was done using a paired t test for continuous variables and conditional logistic regression for categorical variables. Analyses were conducted using SAS version 9.2 (SAS Institute, Cary, North Carolina). A p value of Ͻ0.05 was considered statistically significant.
Procedural Results

Results
Patient characteristics.
During the study period, we evaluated 1,389 consecutive STEMI patients who called 911 and were referred for primary PCI. Among these patients, 822 (59.2%) were referred directly from the field to the PCI center, and 567 (40.8%) were referred from the field to a non-PCI-capable hospital. The baseline characteristics of the patients are shown in Table 1 Table 2 . Primary PCI was performed in 93.1% of patients referred directly from the field, and in 90.3% of patients referred from the field to a non-PCI-capable hospital (p ϭ 0.06). At the time of cardiac catheterization, patients referred directly from the field were more likely to receive bivalirudin as an anticoagulant (39.2% vs. 29.6%, p ϭ 0.0002). However, there was no difference between the 2 groups in the use of platelet glycoprotein IIb/IIIa inhibitors.
The median door-to-balloon time was shorter for patients referred directly from the field (66 min; interquartile
In-Hospital Clinical Outcomes and Mortality at Follow-Up Table 3 In Values are n (%), median (interquartile range), or n/N (%). *Does not include 3 patients who died during initial hospitalization beyond 30 days. CABG ϭ coronary artery bypass surgery; other abbreviations as in Table 2 . The proportion of patients with the culprit for the infarction being the left main coronary artery was higher among patients transported from the field to the non-PCIcapable hospital (1.1%) as compared to patients transported from the field directly to the PCI center (0.1%; p ϭ 0.02); however, only 1 patient in each group had complete occlusion of the left main coronary artery. The proportion of patients with TIMI flow grade 3 at baseline was lower among patients transported directly to the PCI center (21.1% vs. 26.7%, p ϭ 0.02). However, the proportion of patients achieving TIMI flow grade 3 after the procedure was not different between the 2 groups: 92.0% versus 89.9%, respectively (p ϭ 0.13).
During the initial hospitalization, bypass surgery was performed in 3.2% of patients transported directly from the field and in 4.6% of patients transported from the field to a non-PCI-capable hospital (p ϭ 0.19). Table 3 . Follow-up was available for 1,329 patients (96%) at 180 days. The primary outcome consisting of all-cause death at 180 days occurred in 5.0% of patients in the field to PCI capable hospital group and in 11.5% of patients in the group transported to a non-PCI-capable hospital first (p Ͻ 0.0001).
The results of the univariable analysis showed that several baseline characteristics were associated with mortality at 180 days (Fig.1) . Using multivariable analysis to adjust for baseline characteristics, mortality remained significantly lower among patients referred directly to the PCI center, in comparison to patients referred from the field to the ED (odds ratio [OR]: 0.52, 95% confidence interval [CI]: 0.31 to 0.88, p ϭ 0.01) (Fig. 2) . The C-statistic was 0.88. Other Figure 1 Results
of Univariable Logistic Regression Analysis
The results of the univariable analysis revealed that several baseline characteristics were associated with mortality at 180 days in ST-segment elevation myocardial infarction patients referred for primary percutaneous coronary intervention (PCI). The odds ratios and corresponding 95% confidence intervals (CIs) are shown.
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Le May et al. October 2, 2012 October 2, :1223 Transfer From the Field for Primary PCI baseline characteristics that were independently associated with mortality at 180 days were diabetes mellitus, higher Killip class, left main as the culprit artery, increasing age, higher heart rate, and lower creatinine clearance. To correct for imbalances in the treatment received during cardiac catheterization, we included the following variables in the second multivariable model: actual performance of PCI, the use of bivalirudin, and the use of glycoprotein IIb/IIIa inhibitors. Mortality remained significantly lower among patients referred directly from the field to the PCI center (OR: 0.44, 95% CI: 0.25 to 0.77, p ϭ 0.003). In a separate analysis adjusting for the propensity score variable, mortality was lower among the group of patients referred directly from the field to the PCI center (OR: 0.50, 95% CI: 0.31 to 0.79, p ϭ 0.003, C ϭ 0.67). After matching on propensity scores and conducting a paired analysis, the OR for mortality was 0.37 (95% CI: 0.21 to 0.65, p Ͻ 0.0005), again favoring the group referred directly from the field to the PCI center. The C-statistic for the logistic regression model used to derive the propensity score was 0.63. The verification of the balance in baseline characteristics in the propensity score matched data is shown in Table 4 .
Discussion
We have developed a STEMI system that provides systematic application of primary PCI for an entire city using standardized protocols designed to reduce time to reperfusion. As a result of this system design, mortality was significantly lower among patients identified in the field by EMS and transported directly to a designated PCI center as compared to patients first transported to a non-PCI capable hospital.
STEMI systems improve regional access to primary PCI and reduce delays to reperfusion (7, 12, 13) . The 2009 American College of Cardiology/American Heart Association (ACC/AHA) STEMI guidelines recommend that we develop such systems of care to increase the number of patients with timely access to primary PCI (14) . In this report, STEMI patients transported directly to a PCI center had a significant reduction in mortality. Our results underscore the importance of pre-hospital diagnosis of STEMI and direct transfer to a PCI center, bypassing the ED of non-PCI-capable hospitals whenever possible. The design of such STEMI systems results in shorter time to reperfusion, which is unquestionably the primary mechanism for lowering mortality. Among 43,801 patients in the National Cardiovascular Data Registry, any delay in primary PCI after hospital arrival was associated with a higher adjusted risk of mortality in a continuous, nonlinear fashion (15) . These data support the position taken by the ACC/AHA guidelines that every minute counts and that the time to treatment should be "as soon as possible," rather than simply accepting the standard door-to-balloon of Ͻ90 min as satisfactory (14) . Results
of Multivariable Logistic Regression Analysis
The results of the multivariable logistic regression analysis of baseline characteristics associated with mortality at 180 days in ST-segment elevation myocardial infarction patients referred for primary percutaneous coronary intervention (PCI) are shown. The group of patients referred directly from the field to the PCI center had significantly lower mortality in comparison to the group of patients transported from the field to a non-PCI-capable hospital (odds ratio: 0.52, 95% confidence interval [CI]: 0.31 to 0.88, p ϭ 0.01). *Odds ratios and CI were reported for a 10-U incremental change.
Wide adoption of the pre-hospital ECG has not yet occurred in North America (16) . Obtaining a pre-hospital ECG is a critical component of the STEMI system. Early recognition of STEMI allows for direct transport of patients to the nearest PCI center and early activation of the catheterization laboratory (9) . Hospitals that use the results of the pre-hospital ECG have significantly faster door-toballoon times than hospitals that do not use the pre-hospital ECG (6) . A recent pooled analysis of 10 independent registries involving 72 hospitals in the United States reported that pre-hospital triage with ECGs was associated with an 86% rate of door-to-balloon time of Յ90 min (17) . These results are similar to ours and show a notable improvement over the previously published national average rate of Ͻ50% (18) .
Reducing the time spent in the ED should be a priority for all patients transferred for primary PCI. Our results emphasize that the process of triaging patients in the ED is associated with inevitable delays to reperfusion. The median delay from ED arrival to departure was 54 min. Fibrinolysis could have been used as an alternative reperfusion strategy; however, primary PCI was likely the better choice, as reperfusion was achieved in the majority of the patients and the median door-to-balloon time was Ͻ120 min as recommended by the updated ACC/AHA guidelines (4) .
Patients transported by EMS are known to have a much higher risk profile in comparison to patients who selftransport (19) . The benefit associated with triage in the field was somewhat anticipated as the mortality rate reduction with shorter door-to-balloon time is greater in high-risk patients presenting early (20, 21) . It remains that efforts be made to shorten door-to-balloon times for all patients because this variable strongly correlates with mortality, regardless of the baseline risk of mortality (3) . Hence, all paramedics in the city of Ottawa now receive ECG training to ensure that the maximal number of STEMI patients be transported directly from the field to the PCI center. Study limitations. First, it was not a randomized trial, and it is possible that unappreciated or immeasurable confounding variables could have altered the results. However, it is now virtually impossible to randomize patients with STEMI identified in the pre-hospital setting to compare transfer directly to a PCI center with transfer to a non-PCI-capable hospital. To reduce confounding variables, we excluded patients with cardiogenic shock and patients who remained comatose after resuscitation, as these patients were more likely transported to the local ED before referral for primary PCI. Delays caused by cardiac arrest and/or cardiogenic shock are associated with high in-hospital mortality (22) , and the inclusion of these patients in the analysis would likely have biased the results. That is not to say that whenever possible patients with shock should not be transferred directly to a PCI center, as the survival benefit of rapid reperfusion may be the greatest for these patients (23) . Second, our results may not apply to regions where trained paramedics are not available to establish STEMI in the pre-hospital setting. We believe that our results are applicable to most regions. In the United States, the Baseline Characteristics for the Propensity Score Matched Data Transfer From the Field for Primary PCI median time to the closest PCI hospital is 11.4 min and the median distance is 8.0 miles, with nearly 80% of the adult population living within 60 min of activation of the EMS to arrival at a PCI center (24) . In Ontario, it is estimated that 55% to 65% of patients presenting with STEMI live within 30 min of a PCI center (25) .
